Pattern recognition techniques are known to play an emerging role for studying underlying physics of light-matter interaction. Photon condensation and Anti-Stokes cooling remain compelling phenomena of laser plasma interaction. In this work, the interaction of a 1064 nm continuum-wave laser with inductively-coupled plasma (ICP) of Hg has been studied by probabilistic pattern recognition over observed time resolved spectral data. Probabilistic principal component analysis (PPCA) over spectral data reveals the collective behavior of condensation and Stokes and Anti-Stokes line profiles.
INTRODUCTION
Plasmas are tunable mediums, which, in turn, can act as absorbers, transmitters or reflectors, depending on the frequency range and application of interest. Therefore, plasmas are known to have a widespread use in industry for several applications, such as stealth technologies in radar applications and radio communications. In this context, the propagation of radio-frequency (RF) electromagnetic waves in uniform, non-uniform, magnetized or unmagnetized plasmas have been studied extensively both experimentally and theoretically [1]- [4] . It has been shown that it is possible to obtain high levels of absorption in a broadband range including RF and microwave frequencies [5] - [7] by adjusting some plasma parameters, such as magnetic field strength and plasma density. However, the propagation of low-intensity laser light within cold plasmas have found less interest in comparison to RF or microwave electromagnetic waves emitted from antennas [4] , [8] - [10] . Although laser is indeed a special form of electromagnetic wave with extremely high frequency and propagation of laser can be best described by the wave model, a plausible explanation of the absorption mechanism needs the particle model. For instance, the Drude model elucidating the interaction of RF waves within plasma has failed to explain the loss mechanism of plasma after the introduction of a laser beam [8] . Besides, laser cooling of nanoparticles and semiconductors has been studied in detail and most of the studies suggest the cooling is attributed to photon up conversion mechanisms and anti-Stokes shifting, especially for room temperature mediums [10 and 11] .
In this study, we investigate the radiation loss of plasma by means of Stokes and Anti-Stokes polarization of photons in ICP Mercury plasma that is revealed by probabilistic pattern recognition techniques over time resolved spectra. Principal component analysis (PCA) and linear discriminant analysis (LDA) are well-known pattern recognition methods for processing and carrying out dimension reduction of the data. PCA and LDA have found application in several areas, such as medicine, robotics and remote sensing. They have also been found in many applications in spectroscopy, especially in unmixing species and decomposing overlapped spectral lines of UV-VIS-NIR spectroscopy to extract the spectral fingerprints. In addition, they are used in the spectroscopy of astrophysical plasmas and laboratory plasmas for extracting the plasma parameters and compositions of ion species [12] - [18] .
While PCA does identify the linear subspace in which most of the data's energy is concentrated, LDA identifies the subspace wherein data between different classes is most spread out. This, in turn, makes LDA suitable for recognition problems such as classification. In the meantime, PCA and LDA have limitations related to dimensionality reduction, such as nonparametric representation of data and high computational cost. Tipping et al. 1999 and Ioffe et al. 2006 [19 and 20] posited that the probabilistic model can represent the data with few parameters and reduce to dimensions using Gaussian Density model in order to manage the computation time.
In this study, the interaction of continuum mode 1064 nm diode laser light with the ICP Mercury plasma is analyzed both experimentally and theoretically. The experimental part is premised on the power-meter measurements and spectroscopy. PPCA and PLDA over UV-Vis spectra of Hg plasma is used as a feature extractor to investigate the polarization, scattering structures and electron temperature, as well as density of the plasma in the presence of different powers of laser beam. Similarly, the theoretical component is premised on the study of the PPCA and PLDA analysis and non-local thermal equilibrium (non-LTE) radiative modeling of experimental spectra both in the absence and presence of laser beam.
METHODS

Experiment
The uniform magnetized plasma slab has been generated by inductively coupling a 13.56 MHz RF generator (60 Watts) to the fluorescent light bulb, which has a length of 30 cm and a diameter of 2.0 cm.
The spectra have been recorded by a charge-coupled (CCD) spectrometer device of AvaSpec-ULS3648.
Continuum-wave (CW) diode laser lights at different powers was directed to the plasma, after which power levels were recorded by means of a Thorlab-PM100D power-meter. Fig. 1a illustrates the laser powers and corresponding absorbance coefficients that are obtained using standard loss medium model.
It can be seen that low power laser attenuated quickly, and that the plasma becomes transparent to the laser beam as the power of laser increases. Fig. 1b shows the experimental spectra of mercury plasma in the absence and presence of laser light at different powers. 
RESULTS
3D plots of PC1, PC2 and PC3 coefficients are illustrated in Fig. 2 , which demonstrate that the increase of laser power causes the plasma to be more collective and linearizes except for the 0.5 mW of laser 5 power. |PC1> vector spectra in Fig. 3a correspond to the polarization due to E-field of laser, whereas Fig. 3b is the zoom out of |PC1> vector spectra. This shows the enhancement of intensities (Stokes I polarization profiles) by increasing the laser power. |PC2> vector spectra in Fig. 4a correspond the polarization due to B-field of the laser and Hg1 (5d 10 6s7s-5d 10 6s6p) line follows the circular polarization profiles of Stokes V. Furthermore, Fig.4b illustrates the zoom out of spectral line of Hg2, while the peak of the line of Hg2 experiences the Anti-Stokes shifting by increasing the laser power [21 and 22] . Plasma electron temperature modeling of experimental spectra is realized by SPARTAN radiative transfer code. SPARTAN uses the non-thermal plasmas approach that follows the thermal equilibrium and velocity distributions of ions as well as non-Maxwellian distributions of electrons [23] . SPARTAN generated synthetic spectra in Fig. 5a demonstrates that the intensity of all considered transitions with an increase in the plasma electron temperature in the absence of laser power modeled (Te=0.85 eV).
Besides, it is possible to use Anti-Stokes-Stokes intensity ratios to observe the trends of plasma electron temperature [22] . For that reason, we have used the Anti-Stokes-Stokes intensity ratios of transition of Hg1(5d 10 6s7s-5d 10 6s6p) at 546 nm to obtain the trends of electron temperatures with the corresponding laser powers (Fig.4b ) Fig. 5b shows that plasma is only heated to 7 eV by the 0.5 mW of laser power than cooled by the increasing the laser power. 
Hg1
3D representation of PLDA has been illustrated in Fig.6a . As shown in the figure, photons are up and down scattered to the form of Whistler wave mode. |LD1>, |LD2> and |LD3> vector spectra are illustrated in Fig. 6b . |LD1>, |LD2> and |L3> correspondingly denote down scattered, up scattered and electron-phonon coupling spectrum. Down shifted spectrum has higher intensities and electron-phonon spectrum has relatively lower intensities [25] . Zoom out of electron-phonon spectrum has been illustrated in Fig.6c . with the presence of the absorptions of Hg1 at 437 nm and 546 nm. Electron oscillations spectrum (|LD4>) are represented in Fig. 6d . Modeling of electron oscillations using Fourier series suggests that the electron oscillations is around 166 Hz (0.16 kHz). The plasma electron density 
DISCUSSION
Laser light can cool, trap and condensate the atoms/molecules. Leduc et al.2009 stated that when particles are condensate by the laser or magnetic cooling, interparticle distance become smaller and particles follows the collective behavior [28] . Plasma condensation is usually pronounced in coronal plasmas and realized when magnetic force dominates the gravitational and the pressure forces [29] .
Recently, the enhancement of the intensity of radiation and strong electric fields in coronal loops, has been depicted by the stability of the plasma condensation [30] . Collective behavior of plasma associated with the cooling of electron temperatures in our data agrees with the fact that plasma is condensate by the increase of laser power with the exception of 0.5 mW.
Light propagates in plasma medium following the dispersion relation ω 2 =ωpe 2 /<γ>+k 2 c 2 , where ω signifies the frequency of light, = √ 2 / 0 shows the plasma frequency and the average <γ>-factor. For lasers ≫ holds in general, and the wave number becomes almost identical to that of the free space [27] . This amounts to no reflection at the boundaries and scattering, thus causing loss Fig. 7 .a shows the absorption coefficient versus −3/2 which follows the almost inverse trend shown in Fig. 1 . The absorption coefficients obtained in Fig.1 by power measurements reveal that there is a significant absorption in the plasma with the laser power of 0.5 mW and decrease exponentially by increased laser power [36] . Fig.8b shows the resonance of E and B field of the laser light at 0.5 mW obtained by PC vector spectra. This confirms the fact that the plasma's heating is provided by the resonant absorption. Resonance absorption observed when a p-polarized light shine on a plasma with density gradient (=pe) in which polarized light resonantly excites an electron plasma wave at critical density. Further increasing laser power results cooling of the plasma. Fig. 4b illustrates that such cooling is caused by Anti-stokes shifts which can be excited parametrically by the Whistler-mode waves. For the reference, it was shown that circularly driven EM (R-H and L-H) waves can decay into whistler wave and a Langmuir sideband emission. The Langmuir sideband emission has been illustrated as an anti-Stokes (i.e., frequency upshifted) [37 and 38] , Anti-Stokes shift is the optical process whereby photons at low energy levels are absorbed and converted to emit at higher energy levels. The extra energy is provided by the dissipation of thermal energy from the medium. Such dissipations can be acquired by multi-photon absorption, Auger recombination and phonon absorption [39] . Fig. 6c illustrates the presence of electron absorption of Hg1 in the phonon spectrum which confirms the electron-phonon coupling. Electron-phonon coupling is the main process that causes heat to flow from the hotter plasma to the phonons [40] . Fig. 7 . a)Absorption scaling of laser plasma interaction at different power levels. b) E and B field spectrum of laser spectra at 0.5 mW obtained by PC vectors
CONCLUSION
In this study, CW laser propagation in cold magnetized collision-less plasma has been investigated by means of probabilistic pattern recognition over emission spectroscopy. PPCA and PLDA over spectra can be used as the non-invasive diagnostic tools of low temperature plasmas. PPCA and PLDA over spectra can distinct the polarization effects due to E and B fields and segregate the upshifted and down shifted spectra and phonon-electron(hybrid) spectrum, correspondingly. Circular polarization is driven through the radiation channels of Hg1 at 536 nm and 546 nm which are mediated by phonons.
The spectroscopic modeling of plasma suggests that electron temperature is 0.85 eV and electron density be 4x10 13 cm -3 in the absence of laser light, and the temperature is increased to ~ 7 eV at 0.5 mW of laser power due to resonant absorption. However, increased laser power cools the plasma, but more 
